Background Preoperative antibiotics are known to be critical for decreasing the risk of periprosthetic joint infection (PJI) in primary THA and TKA. However, antibiotics often are withheld before revision surgery, as there is concern that even a single dose of prophylactic antibiotics may affect intraoperative cultures. Questions/purposes In this prospective randomized controlled trial, we determined the effect of a single dose of prophylactic antibiotics on cultures obtained at the time of revision arthroplasty. Methods We randomized 65 patients with known PJI after 37 TKAs and 28 THAs at three centers. Patients were included in the trial if they had a culture-positive aspiration and had not taken antibiotics within 2 weeks of the procedure. Patients were randomized to receive prophylactic antibiotics either before the skin incision or after a minimum of three sets of intraoperative cultures were obtained. Preoperative and
intraoperative cultures were then compared. Results between patients who did and did not receive antibiotics were compared using an equivalence test for proportion differences (two one-sided t-tests [TOST]) with a 0.2 margin. Results Intraoperative cultures yielded the same organisms as preoperative cultures in 28 of 34 patients (82%) randomized to receive antibiotics before the skin incision compared to 25 of 31 patients (81%) randomized to receive antibiotics after obtaining operative cultures (statistically equivalent by TOST estimate: p = 0.0290). Conclusions In this randomized controlled trial, there was no effect on the results of cultures obtained intraoperatively when prophylactic antibiotics were administered before skin incision. Given the known benefits of prophylactic antibiotics in preventing PJI, preoperative prophylaxis should not be withheld in revision surgery for fear of affecting cultures. Level of Evidence Level I, therapeutic study. See Instructions for Authors for a complete description of levels of evidence.
Introduction
The administration of preoperative, prophylactic antibiotics is the standard of care for primary THA and TKA, having been shown to significantly reduce the risk of periprosthetic joint infections (PJIs) [4, 5, 7] . Nevertheless, preoperative antibiotics are sometimes withheld in patients undergoing revision arthroplasty, as there is concern that occult infection may be present and the administration of antibiotics might affect intraoperative culture results [7, 10] . This would be important if true, as culture results are integral to the diagnosis of PJI and antibiotic sensitivities obtained from these cultures are critical for guiding subsequent antimicrobial therapy.
A recent paper by Burnett et al. [2] suggested preoperative antibiotics should not be withheld before revision TKA surgery because culture results were not affected by a single dose of prophylactic antibiotics. Their prospective, nonrandomized study enrolled 25 patients with 26 infected TKAs with a known preoperative infecting organism and no recent antibiotic therapy. All patients had repeat aspiration of the infected TKA performed in the operating room before prophylactic antibiotic administration and then tissue cultures after antibiotics at the time of open arthrotomy. A 100% concordance rate was reported between preantibiotic and postantibiotic cultures.
We designed the current study to build on that important work by including both hip and knee arthroplasties, increasing sample size, and randomizing patients. Specifically, we determined whether there was a difference in the concordance rate between preoperative and intraoperative cultures between patients with known PJIs who were randomized to receive a single dose of antibiotics either before skin incision or after obtaining intraoperative cultures.
Patients and Methods
After obtaining institutional review board approval, this study was registered as a randomized controlled trial (clinicaltrials.gov study identifier: NCT01174212). We prospectively screened 102 consecutive patients with clinical evidence of PJI as defined by the criteria of Parvizi et al. [9] at three sites between January 2010 and April 2012. Thirty-seven patients were excluded, including 29 with clinical evidence of infection but negative preoperative cultures upon aspiration, five who had received antibiotic therapy within 2 weeks of preoperative aspiration, two with draining sinuses but inadequate aspirates for preoperative cultures, and one with septic arthritis of a native knee, leaving 65 patients for randomization. Of these 65 patients, 24 were women (37%) and 41 were men (63%). The mean age for the cohort was 61 years (range, 43-92 years). Twenty-eight patients underwent revision THA (43%) and 37 underwent revision TKA (57%). Thirteen patients were being treated for acute postoperative infections (B 6 weeks postoperatively; 20%), 32 were chronic infections (49%), and 20 were acute hematogenous infections (acute onset of pain in a previously well-functioning joint arthroplasty associated with fever and/or an obvious site of infection such as a pneumonia or a cutaneous abscess; 31%). Fifteen patients (23%) were treated with débridement and exchange of liner or modular components, 48 (74%) had placement of an antibiotic spacer, and two patients (3%) had a one-stage revision of components. Original diagnoses for the primary procedure included osteoarthritis (60), femoral neck fracture (two), rheumatoid arthritis (one), osteonecrosis (one), and osteomyelitis (one).
After signing informed consent and before surgical intervention for the treatment of PJI, patients were randomized to receive prophylactic intravenous antibiotics (2 g cefazolin and 1 g vancomycin intravenously) either (1) within 1 hour before incision or (2) after obtaining intraoperative cultures. Sequentially numbered randomization cards were developed by a statistician who had performed a power analysis and opened once patients were anesthetized. In the group receiving antibiotics before cultures, antibiotics were always infused before application and inflation of the pneumatic tourniquet for revision TKAs. Thirty-four patients were given antibiotics before cultures were obtained and 31 received prophylactic antibiotics after intraoperative cultures. The composition of the two groups was statistically similar by age, sex distribution, revision TKA versus THA percentage, infection type (chronic versus acute), and procedure type ( Table 1) .
At least three cultures were collected from within the joint during surgery (including multiple swab and tissue cultures), and culture results in both study populations were compared with preoperative cultures. Culture results were recorded once they were declared final by the microbiology laboratory of each respective institution. A positive preoperative culture was considered growth from solid medium; growth from broth only was excluded. There were no instances where a broth-only culture was duplicated by other cultures from the same patient. All culture results were compared, including both organisms and their sensitivities. In addition, a microbiologist with expertise in bone and joint infection was consulted to clarify probable culture contaminants.
Demographic differences were evaluated using Tukey t-tests and chi-square tests of independence. Risk estimates were calculated and reported with 95% exact confidence intervals. A power analysis was performed with an expected power of 0.80 and an alpha of 0.05 sensitive to proportional difference of 15% between groups. Our allowable concordance range was 80% to 100% using reported values [1] [2] [3] 8] , resulting in a sample size requirement of 27 patients per randomization group (54 patients total). Equivalence of risk estimates was tested using two one-sided tests (TOST) with a margin of 0.2. The TOST method effectively tests the hypothesis that two estimates are equivalent within a statistically computed equivalence range. The lower the p value is, the more similar the estimates can be concluded to be, and if the p value is less than the critical cutoff (0.05), then the two estimates can be assumed to be statistically equivalent. Statistical tests with p values of less than 0.05 were considered significant.
Results
The use of preoperative antibiotics did not appear to affect culture results. Of the patients receiving preoperative antibiotics (Appendix 1; supplemental materials are available with the online version of CORR 1 ), 28 of 34 (82%; 95% CI: 65.5%-93.2%) had identical preoperative and intraoperative culture results while 25 of 31 (81%; 95% CI: 62.5%-92.6%) patients with antibiotics held (Appendix 2; supplemental materials are available with the online version of CORR 1 ) showed identical cultures (TOST p = 0.0290). The culture concordance rate was slightly lower for hips (78.6%; 95% CI: 59.1%-91.7%) than for knees (83.8%; 95% CI: 68.0%-93.8%); this difference was neither statistically significantly different (p = 0.5917) nor significantly equivalent. With the numbers available, the threshold of equivalence was not met on the TOST equivalence test, although it was close (TOST p = 0.0665).
Discussion
The use of preoperative antibiotic prophylaxis before surgery has been shown to reduce the incidence of postoperative infection and is the standard of care for primary THA and TKA [4, 5, 7] . However, many surgeons remain concerned that, for revision procedures, preoperative antibiotics may alter intraoperative culture results, which can make it more difficult to either diagnose a PJI or target antibiotic therapy [7, 10] . In our study, we determined whether there was a difference in the concordance rate between preoperative and intraoperative cultures between patients with known PJIs who were randomized to receive antibiotics either before skin incision or after obtaining intraoperative cultures.
There were several limitations of this study. Although our study was powered at 80%, there is still a 20% chance of not identifying a true effect; with a larger sample size, we would be more likely to identify true equality in concordance rates. However, our sample is larger than that reported by Burnett et al. [2] and our data suggest, even if there is a difference between the two strategies, it is small and potentially not clinically important enough to withhold prophylactic antibiotics given the known benefits of administration before the incision. In addition, we studied a specific population (those with a known PJI) and are extrapolating our results to all patients undergoing revision procedures. Further studies could include randomization of prophylactic antibiotics to a more general population of patients undergoing revision for any reason (including infection) to compare culture concordance and risk of subsequent PJI, although this would require a much larger sample size and logistically would be more difficult to complete. Similarly, our relatively small patient population did not allow us to examine the effect of antibiotic administration on different organisms; that is, certain organisms may be more or less sensitive to even one single dose of prophylactic antibiotics, which is another area for further study. Finally, we excluded cultures that were positive for broth only, which could have changed our results; however, in our data set, the inclusion of these results would not have changed our concordance rates. We chose not to include these results based on the Musculoskeletal Infection Society definition of PJI. We found no difference in the concordance rate between preoperative and intraoperative cultures between patients with known PJIs who were randomized to receive antibiotics either before skin incision or after obtaining intraoperative cultures. Based on these findings, we believe prophylactic antibiotics should be given routinely before revision procedures. Previous work has shown the risk of subsequent PJI is higher after revision than after primary procedures [6, 11] . While this risk discrepancy is likely multifactorial, withholding prophylactic antibiotics until after cultures are obtained intraoperatively may contribute to the higher rates of PJI observed in the revision population. Given the clear benefit of prophylactic antibiotic administration before skin incision and our findings, which are in concordance with those of Burnett et al. [2] , we believe the benefits of prophylaxis outweigh the potential risks of affecting culture results; therefore, prophylactic antibiotics should be given in the majority of cases.
Overall, we found a lower rate of agreement between preoperative and intraoperative cultures compared to prior studies. A 2007 retrospective analysis of 171 infected TKAs reported a false-negative rate intraoperatively of 12.5% in patients who received antibiotics compared to 8% in those with antibiotics withheld [3] . Additional organisms were cultured intraoperatively in 4% versus 1.4% of patients in the two groups. Both differences were statistically insignificant. A more recent prospective study by the same senior author reported a 100% concordance rate with infusion of antibiotics preoperatively (26 infected TKAs total) [2] . Our concordance rates of 82.4% and 80.6% in the antibiotics before and after groups, respectively, while lower than published values, were statistically equivalent between groups. One reason for our higher rate of disagreement may be related to prior work not comparing organism antibiotic sensitivity profiles; specifically, we found Staphylococcus epidermidis was the most common organism to change sensitivities from preoperative to intraoperative cultures (eg, methicillin-sensitive to methicillin-resistant; methicillin-resistant to methicillinsensitive, or methicillin-resistant to both methicillin-sensitive and methicillin-resistant). Thus, cultures classified as discordant may have been classified as concordant in the cited studies. Our sample included hips in addition to knees and the increased technical difficulty associated with hip over knee aspiration could have contributed to the lower concordance rates.
In conclusion, our data support prior reports that a single dose of prophylactic antibiotics does not alter intraoperative culture results in PJI. Thus, we do not recommend prophylactic antibiotics be withheld before revision hip and knee arthroplasty given their known benefit in the prevention of PJI.
